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(S) Fault based diagnosis of HBT-based circuits using electroluminescence. 



) Fault diagnosis of an HBT-based circuit using 
electroluminescence scans the circuit with a 
microscope coupled to a photodetector. The 
photodetector detects the light emitted by ac- 
tive elements of the circuit when powered and 
collected by the microscope. The light is con- 
verted into an electrical signal that may be 
displayed on an appropriate monitor for obser- 
vation. The circuit may be powered with a 
steady source, a pulsing source or a gradually 
increasing source to detect which active ele- 
ments are "on" or "off", which elements 
"latch up", and which elements "oscillate" 
contrary to expectations. 
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Background of the Invention 

The present invention relates to diagnosis of in- 
tegrated circuits, and more particularly to fault based 
diagnosis of HBT-based circuits using electrolumi- 
nescence to determine the activity of active elements 
in the circuits. 

Typical diagnosis of integrated circuits is a time- 
consuming, manual operation. If the output of the in- 
tegrated circuit is not correct, an engineer has to pro- 
gressively cut circuitry within the integrated circuit to 
isolate the problem area through trial and error. In 
other words if the integrated circuit is a series of am- 
plifiers, an engineer would work backwards from the 
output progressively cutting out the amplifiers until 
the output from the current amplifier has a proper out- 
put At that point the engineer can isolate the problem 
to the last stage of the integrated circuit that was cut 
out 

A heterojunction bipolar transistor (HBT) is one 
where the materials of the different portions of the 
transistor are different Unlike silicon transistors 
where the base, emitter and collector are all silicon 
based, an HBT has, for example, an emitter of gallium 
aluminum arsenide (GaAlAs) and a base of gallium 
arsenide (GaAs). One problem with silicon-based 
transistors is that as electrons flow across the emit- 
ter-base junction, there is a reverse flow of holes 
across the same junction. HBTs however have a po- 
tential barrier across the emitter-base junction that 
suppresses hole injection, reducing the reverse flow 
of holes across the junction. The electron flow in a sil- 
icon transistor produces heat since silicon is an indir- 
ect bandgap material. On the other hand HBTs are 
made of a direct bandgap material so that electrons, 
when energized into one state, return to the ground 
state in a single step, producing light energy. 

An article in Applied Physics Letters 45 (5), 1 
September 1984, by J.R. Hayes et al entitled "Elec- 
troluminescence from a heterojunction bipolar tran- 
sistor" indicates that electroluminescence has been 
observed from the base of a GaAIAs/GaAs HBT. The 
article presents the conclusion that lack of lumines- 
cence from the GaAIAs emitter confirms that the gra- 
dient across the emitter-base junction significantly 
enhances hole confinement 

What is desired is a method of fault diagnosis of 
HBT-based circuits using electroluminescence to 
eliminate the prior trial and error manual cutting tech- 
niques. 

Summary of the invention 

Accordingly the present invention provides a 
m thod of fault diagnosis of HBT-based circuits using 
electroluminescence that xamines each active ele- 
m nt of an HBT circuit to d t rmine its operation 
when energized. Th HBT circuit is biased in a probe 



station under a microscope. The microscope in turn 
is optically coupled to a video camera capable of de- 
tecting the optical wavelengths corresponding to the 
electroluminescence emitted by the HBT devices. 

5 The output of the video camera is coupled to a televi- 
sion monitor for display. The HBT circuit is energized 
a d.c. power source as it would operate under normal 
conditions. A pulsed power source makes it easier to 
observe topology at room light to pinpoint the active 

10 elements, while a steady power source exercises the 
HBT circuit under normal operating conditions. The 
electroluminescence is observed to determine which 
active elements are on, which are off, which are latch- 
ed and which are oscillating. By observing the activity 

15 of the active elements in the form of the emitted opt- 
ical energy, an engineer can determine and isolate a 
region where potential problems exist. 

The objects, advantages and other novel fea- 
tures of the present invention are apparent from the 

20 following detailed description when read in conjunc- 
tion with the appended daims and attached drawing. 

Brief Description of the Drawing 

25 Fig. 1 is a block diagram of a set-up for fault di- 

agnosis of HBT-based circuits using electrolumines- 
cence according to the present invention. 

Fig. 2 is a plan view of an HBT-based integrated 
circuit for a ring oscillator to be diagnosed for faults 
30 according to the present invention. 

Fig. 3 is a plan view of a display of the ring oscil- 
lator of Fig. 2 when powered according to the present 
invention. 

35 Description of the Preferred Embodiment 

Referring now to Fig. 1 an HBT-based circuit 10 
is shown mounted in a jig 12 of a probe station. A mi- 
croscope 14 is mounted above the HBT-based circuit 
40 10 and focused on the surface. A video camera 16 is 
mounted together with the microscope 14 so that opt- 
ical energy from the microscope is picked up and de- 
tected by the video camera 16. Since the electrolumi- 
nescence emitted by the GaAIAs/GaAs HBT-based 
45 circuit 10 is in the infrared range, the detector in the 
video camera 16 is one that is sensitive to the expect- 
ed electroluminescence. Either the microscope 14 or 
the jig 12 is movable in two dimensions so that the en- 
tire surface of the HBT-based circuit 10 may be scan- 
so ned. An electrical energy source 18 is connected to 
the HBT-based circuit 10 to provide power to the cir- 
cuit Likewise the output of the video camera 16 in the 
form of an electrical video signal is coupled to a video 
monitor 20 to display what is viewed by the micro- 
55 scope 14. 

Atypical HBT-based circuit 10 may be in the form 
of a ring oscillator 22, wh ich is shown as an integrated 
circuit in Fig. 2. Each stag 24ofth oscillator 22 has 
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a differential input stage 26, a differ ntial output buf- 
fer stage 28 and a current source 30. The differ ntial 
output from one stage 24 is applied as the differential 
input to the next stage. When laid out on the HBT- ba- 
sed circuit 1 0, each stage 24 forms a symmetrical ar- 5 
rangement of active elements. When energized by 
the energy source 18, each active element becomes 
luminescent, providing a light pattern as shown in Fig. 
3. Each light spot 32 represents an active element 
that is conducting ("on"). io 

In operation electrical energy from the source 18 
is applied to the HBT-based circuit 10 and the result- 
ing electroluminescence pattern is observed on the 
video monitor 20 via the microscope 14 and video 
camera 16. For optimum viewing room light is at a is 
minimum to provide maximum contrast on the dis- 
play. Where the active elements are conducting, light 
appears on the display, otherwise the display is dark. 
To observe the electroluminescence in brighter ambi- 
ent light, the source 18 may be cycled to pulse the 20 
HBT-based circuit 10 so that the location of the active 
element on the circuit topology may be determined by 
the blinking of the active elements, which are then 
more apparent To observe latching problems the 
source 18 is slowly increased so that the HBT-based 25 
circuit 10 is slowly powered up. As the HBT-based cir- 
cuit 10 is powered up, circuits that are supposed to 
oscillate, such as astable multivibrators, may latch up 
instead of oscillating, while circuits that are supposed 
to latch up, such as bi-stable multivibrators, may os- 30 
cillate instead of latching up. Observation in this man- 
ner allows an engineer to determine whether the HBT- 
based integrated circuit is operating properly, and If 
not where the problem is. 

Thus the present invention provides a method of 35 
fault diagnosis for HBT-based circuits using electro- 
luminescence to detect which active elements are 
"on" and which "off" during normal or stressed oper- 
ation of the circuit, the conduction pattern of the ac- 
tive elements indicating whether the circuit is operat- 40 
ing properly, and if not where the problem fe. 



Claims 

46 

1. Amethod of fault diagnosis for an HBT-based cir- 
cuit using electroluminescence comprising the 
steps of : 

providing electrical power to the circuit; 

observing active elements of the circuit 50 
with a microscope; 

identifying which of the active elements 
are "on" by the light emitted; and 

locating from the pattern of "on" active 
elements wher faults in th circuit xist. 55 

2. The method as recited in claim 1 wh rein the ob- 
s rvingst p includes the steps of. 



converting optical nergy from the micro- 
scope into electrical energy using a photod tec- 
ton and 

displaying the electrical energy as a video 
picture of the circuit on a monitor. 

3. The method as recited in claim 2 wherein the ob- 
serving step further includes the step of scanning 
the surface of the circuit by moving the circuit and 
microscope relative to each other in a controlled 
manner. 

4. The method as recited in claim 1 wherein the pro- 
viding step comprises the step of pulsing the elec- 
trical power so that the "on" active elements 
pulse to make them more readily visible in ambi- 
ent light 

5. The method as recited in claim 1 wherein the pro- 
viding step comprises the step of gradually bring- 
ing up the electrical power to see whether active 
elements that should oscillate latch up in a steady 
"on" condition. 

6. An apparatus for fault diagnosis of an HBT-based 
circuit using electroluminescence comprising: 

means for magnifying the surface of the 

circuit; 

means for scanning the surface of the cir- 
cuit so that all of the surface passes under the 
magnifying means; and 

means for observing optical energy picked 
up by the magnifying means from active ele- 
ments of the circuit when the circuit is energized 
so that the condition of the active elements as be- 
ing either "on" or "off* is readily determinable. 

7. The apparatus as recited in claim 6 wherein the 
magnifying means comprises a microscope fo- 
cused on the surface of the circuit 

8. The apparatus as recited in claim 7 wherein the 
scanning means comprises a movable jig upon 
which the circuit is mounted, the jig being mov- 
able in such a manner that all of the surface of the 
circuit passes beneath the microscope. 

9. The apparatus as recited in claim 7 wherein the 
observing means comprises: 

means coupled to the microscope for con- 
verting the optical energy to electrical energy; 
and 

means for displaying the electrical energy 
as a picture of the surface of the circuit 
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